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(54) Apparatus for driving the backlight unit of a display provided in a mobile communication 
terminal with an economical power and a method thereof

(57) Disclosed is an apparatus for driving the back-
light unit of a display in a mobile communication terminal.
The apparatus includes a storage device to store multi-
media data, wherein the storage device receives power
from an electric power source, a data processor to play

the multimedia data, and a control unit to control the pow-
er of the backlight unit by evaluating the remaining time
for playing the remaining part of the multimedia data and
the remaining power of the electric power source during
the playing.
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Description

�[0001] The present invention relates to an apparatus and method for effectively managing the drive power supplied,
from an electric power source to the backlight unit, of a display in a mobile communication terminal, so as to prolong
the life of the power source.
�[0002] The recent developments in communication technology together with dramatically improved capacities of mem-
ory and display units has made it possible for mobile communication terminals to be used for playing moving pictures,
reproducing MP3, mobile Internet, etc. Further, mobile communication terminals have been added with various additional
functionalities, such as video or audio recording and multimedia playing. In particular, multimedia functionality enables
mobile communication terminals to be used as the ultimate mobile entertainment system. Such communication terminals
even include the Video on Demand (VOD) functionality. However, such expanded functionality causes the limited electric
power source of the mobile communication terminal to be rapidly consumed, thereby remarkably decreasing its operating
time.
�[0003] Generally, the main factor causing rapid consumption of the power source in a mobile communication terminal
is the backlight unit of the LCD. This, in turn, can cause an abrupt termination of multimedia data being played. The
backlight unit is an essential element of the LCD for uniformly illuminating the LCD panel requiring uniform luminance.
The rate of the power consumption of the backlight unit, including the inverter circuit for driving it, generally amounts to
30 to 50% of the total power consumption of the mobile communication terminal. One of the principal causes of such
considerable power consumption is that the backlight unit is kept on (e.g. supplied with power) unless the user intentionally
turns off the terminal. Accordingly, it is desirable for mobile communication terminals with a limited power source to
effectively control the power consumption of the backlight unit.
�[0004] The present invention relates to decreasing the power consumption of a mobile communication terminal (in-
cluding terminals with a multimedia function).� The decrease in power consumption is enabled by controlling the power
consumption of the backlight unit according to the remaining time for playing the remaining part of multimedia data and
the remaining power of the electric power source, while the multimedia data is being played.
�[0005] It is the object of the present invention to provide a mobile communication terminal having a multimedia function
that includes means to prevent an abrupt termination of the multimedia data while it is being played.
�[0006] This object is solved by the subject matter of the independent claims.
�[0007] Preferred embodiments are defined in the dependent claims.
�[0008] According to an aspect of the present invention, there is provided an apparatus for driving a backlight unit of
a display in a mobile communication terminal includes a storage device to store multimedia data, wherein the storage
device receives power from an electric power source, a data processor to play the multimedia data, and a control unit
to control the power of the backlight unit by evaluating a remaining time to play a remaining part of the multimedia data
and a remaining power of the electric power source during the playing.
�[0009] The above features and advantages of the present invention will become more apparent from the following
detailed description when taken in conjunction with the accompanying drawing in which: �

FIG. 1 is a block diagram of an apparatus for driving a backlight unit of a display provided in a mobile communication
terminal according to an embodiment of the present invention;
FIGS. 2A to 2C respectively show a histogram, the cumulative distribution function (CDF) according to the histogram,
and the result of the CDF;
FIG. 3 is a flowchart of the process of driving the backlight unit of a mobile communication terminal according to an
embodiment of the present invention; and
FIG. 4 is a flowchart of the process of adjusting the luminance of multimedia data according to an embodiment of
the present invention.

�[0010] Exemplary embodiments of the present invention will be described with reference to the accompanying draw-
ings. In the drawings, the same or similar elements are denoted by the same reference numerals even though they are
depicted in different drawings. For the purposes of clarity and simplicity, well- �known functions or constructions are not
described in detail since they may obscure the invention in unnecessary detail.
�[0011] Fig. 1 shows the mobile communication terminal 100. Mobile communication terminal 100 includes an electric
power source 110, a video input unit 120, a storage part 130, a data processor 160, a control unit 180, an adjustment
part 190, a backlight unit 200, and a display 240. The electric power source 110 supplies the operational power of the
mobile terminal 100. The video input unit 120 serves to input multimedia data such as audio/�video data.
�[0012] The storage part 130 includes (1) a data memory 140 to store multimedia data received both from the video
input unit 120 and from an external DMB (Digital Multimedia Broadcasting) system, and (2) a program memory 150 to
store the program data required to operate the mobile 100. The data processor 160 includes a mode selector 170 to
select the real time play mode to play the multimedia data received from the DMB system in real time or the ordinary
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mode to play the multimedia data stored in the data memory 140.
�[0013] The control unit 180 evaluates the remaining time to play the remaining part of the multimedia data and the
remaining power of the electric power source 110, while the data processor 160 is playing the multimedia data. Thus,
control unit 180 determines whether the remaining power is adequate to play the remaining part of the multimedia data.
The remaining power of the electric power source 110 may be allowed to be consumed until of the remaining part of the
multimedia data is completed. Otherwise, the control unit controls the driving power supplied from the electric power
source 110 to the backlight unit 200 so as to fit the remaining power. In addition, the control unit 180 periodically evaluates
the remaining time to play the remaining part of the multimedia and the remaining power of the electric power source
110, since voice or character messages received during the playing can consume the remaining power.
�[0014] The adjustment part 190 produces a histogram (PDF: Probability Density Function) of the multimedia data to
adjust the luminance thereof according to the controlled driving power. The adjustment part 190 includes a histogram
producer 210, an adjustment evaluator 220, and a luminosity adjustment device 230. The display 240 includes an LCD
panel to display the multimedia data and the backlight unit 200 mounted on the back of the LCD panel to uniformly
illuminate the display 240.
�[0015] The histogram (PDF) is used to analyze the distribution of the luminosities of the multimedia data. If the luminance
of the multimedia data is relatively too dark because of a larger distribution of the pixels with low luminosities, the
luminosities of the whole pixels are enhanced to make the image brighter. If luminance is relatively too bright because
of a larger distribution of the pixels with high luminosities, the luminosities of the whole pixels are reduced to make the
image darker. This, in turn, makes the multimedia data image more acceptable. And, the histogram is subjected to
cumulative operations to produce a CDF.
�[0016] The histogram producer 210 detects the luminosities of the whole pixels of the multimedia data to produce the
histogram. The adjustment evaluator 220 calculates the mean luminosity the histogram. In this case, the mean luminosity
is obtained by dividing the sum of all the luminosities on the histogram by the number of the whole pixels. Then, mean
luminosity range is determined from among the luminosities levels of 0 to 255. For example, the luminosity levels of 0
to 255 are divided into four ranges each having 4 to 10 levels e.g. 0-30, 31-100, 101-159, 160-255, etc. The ranges are
checked to discover the one in which the mean luminosity belongs. Then, the function value corresponding to the
determined range is delivered to the luminosity adjustment device 230.
�[0017] The luminosity adjustment device 230 compares the function value received from the adjustment evaluator
220 with the histogram outputted from the histogram producer 210. If the compared result shows that the histogram is
less than the function value from the adjustment evaluator 220, the histogram is augmented and assigned to the function
value. In addition, the luminosity adjustment device 230 successively carries out cumulative operation to the augmented
function value so as to produce a CDF as defined in the following Formula 1: 

wherein i=0, 1, 2, 3 ... n, CDF�(K) is a cumulative distribution function, and PDF �(i) a probability density function.
�[0018] In this case, the luminosity adjustment device 230 provides the cumulative distribution function having the
maximum value equal to the total number of the pixels of the multimedia data. Thus, it produces the output luminance
adjusted corresponding to the luminance of the multimedia data. The adjustment of the CDF is expressed by the following
Formulae 2 and 3: 

wherein CDF’�(K) represents the adjusted cumulative distribution function, CDF�(K) the cumulative distribution function
before adjustment, F�(K) the ratio of Number of Total Pixels/ �(N- �1)�K, N- �1 the maximum luminosity, and CDF �(N- �1) the CDF
value at the maximum luminosity. 
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wherein G�(K) represents the ultimate cumulative distribution function, and CDF’�(K) the adjusted cumulative distribution
function.
�[0019] Referring to Fig. 2A, the histogram shows the number of pixels versus the luminosity levels of 0 to 255 of the
multimedia data. Fig. 2B shows the graph obtained by transforming the histogram of Fig. 2A into the CDF. For example,
if the multimedia data has a resolution of 720 x 480, the histogram is accumulated to have the ultimate cumulative value
of 3456000. In addition, Fig. 2C represents the result of the CDF shown in Fig. 2B. The result shows the output luminosities
corresponding to the luminosities of the pixels of the multimedia data. Hence, these luminosities are displayed in the
display 240 according to the adjusted multimedia data.
�[0020] Hereinafter described in connection with Fig. 3 is the process of economically driving the power of the backlight
unit of the mobile terminal according to the present invention. In step 300, the mobile terminal 100, powered by the
electric power source 110, is operated by the user to play multimedia data received from a DMB system in the real time
mode. The multimedia data is selected through the mode selector 170. The multimedia data may be displayed in the
display 240 in real time. The multimedia data may also be played from the data memory 140 by selecting the ordinary
play mode through the mode selector 170 of the data processor 160.
�[0021] In step 310, the control unit 180 evaluates the remaining time to play the remaining part of the multimedia data
and the remaining power of the electric power source 110, while the data processor 160 is playing the multimedia data.
The control unit also periodically updates the remaining time and the remaining power whenever the remaining power
is varied due to reception of voice or character message during the playing.
�[0022] When the remaining power of the electric power source 110 is checked as not varied in step 320, the control
unit determines whether the remaining power of the electric power source 110 is adequate for the data processor 160
to complete the playing of the remaining part of the multimedia data. If the remaining power of the electric power source
110 is adequate to play the remaining part of the multimedia data, the control unit allows the remaining power to be
consumed in step 330. However, if the remaining power of the electric power source 110 is not adequate to play the
remaining part of the multimedia data, the control unit reduces the driving power supplied to the backlight unit 200 in
step 340.
�[0023] Subsequently, in step 350, the adjustment part 190 analyzes the histogram of the multimedia data according
to the driving power of the backlight unit 200 reduced under the control of the control unit 180. In step 360, the luminosity
of each of the pixels of the multimedia data is adjusted. In this manner, the luminance of the multimedia data is adjusted
such that the user does not to perceive the adjustment according to the reduced driving power of the backlight unit 200.
Further, the power consumption of the mobile terminal 100 is reduced and the playing of the multimedia data is not
abruptly terminated before completing the playing.
�[0024] Referring to Fig. 4, described hereinafter is the process of adjusting the luminance of multimedia data. In step
400, the histogram producer 210 produces the histogram of the multimedia data played by the data processor 160
according to the driving power of the backlight unit 200. The produced histogram is reduced based on the evaluation of
the remaining time of the remaining part of the multimedia and the remaining power of the electric power source 110.
�[0025] Subsequently in step 410, the adjustment evaluator 220 calculates the mean luminosity from the histogram.
In this case, the mean luminosity is obtained by dividing the sum of the luminosities distributed over the histogram by
the total number of the pixels. Then, it is determined in which range the mean luminosity belongs from among the
luminosities levels, e.g. 0 to 255. For example, the luminosity levels of 0 to 255 are divided into four ranges each having
4 to 10 levels, and the ranges are checked to determine which range the mean luminosity belongs. Then, the function
value corresponding to the discovered range is delivered to the luminosity adjustment device. In this case, the function
is a monotone function.
�[0026] In step 430, the luminosity adjustment device 230 compares the function value received from the adjustment
evaluator 220 with the histogram outputted from the histogram producer 210. If the compared result shows that the
histogram is less than the function value, the histogram is augmented in step 440. The augmented histogram is subjected
in step 450 to cumulative operation so as to produce a CDF. In this case, the c1umulative distribution function has the
maximum value equal to the total number of the pixels of the multimedia data. Finally in step 460, the output luminance
is adjusted corresponding to the luminance of the multimedia data. This is obtained by the Formula 3. Thus, the luminance
of the multimedia data is adjusted according to the reduced driving power of the backlight unit 200 so that the user does
not perceive the adjustment while the multimedia data is being displayed in display 240.
�[0027] While the invention has been shown and described with reference to a certain preferred embodiment thereof,
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it will be understood by those skilled in the art that various changes in form and details may be made therein without
departing from the scope of the invention.

Claims

1. An apparatus for driving a backlight unit of a display in a mobile communication terminal, comprising:�

a storage device to store multimedia data, wherein the storage device receives power from an electric power
source;
a data processor to play said multimedia data; and
a control unit to control the power of said backlight unit by evaluating a remaining time to play a remaining part
of said multimedia data and a remaining power of said electric power source during the playing.

2. The apparatus as claimed in claim 1, further including an adjustment part to adjust the luminance of said multimedia
data by analyzing a histogram of said multimedia data according to the remaining power evaluated.

3. The apparatus as claimed in claim 1 or 2, wherein said control unit periodically evaluates the remaining time to play
the remaining part of said multimedia and the remaining power of said electric power source during the playing.

4. The apparatus as claimed in one of claims 1 to 3, wherein the multimedia data stored in said storage device is
received from an external service provider or directly inputted by the user.

5. The apparatus as claimed in claim 3, wherein said data processor plays in real time the multimedia data received
from an external service provider.

6. The apparatus as claimed in claim 2, wherein said adjustment part further includes:�

a histogram producer to produce the histogram representing a luminance distribution of the pixels of said
multimedia data;
an adjustment evaluator to calculate the mean luminosity of the luminosities of the pixels of said histogram to
formulate an adjustment function corresponding to the range containing the mean luminosity; and
a luminosity adjustment device to adjust said luminance distribution based on said adjustment function.

7. The apparatus as claimed in claim 6, wherein said luminosity adjustment device performs a cumulative operation
to said adjustment function to obtain a cumulative distribution function having the maximum value equal to the total
number of the pixels of said multimedia data.

8. A method for driving a backlight unit of a display in a mobile communication terminal, the method comprising the
steps of: �

playing multimedia data stored in a storage device, wherein the storage device receives power from an electric
power source; and
controlling the power of said backlight unit by evaluating a remaining time to play a remaining part of said
multimedia data and a remaining power of said electric power source during the playing.

9. The method as claimed in claim 8, further comprising the step of determining whether the remaining power is
adequate to play the remaining part of said multimedia data.

10. The method as claimed in claim 8 or 9, further comprising the step of reducing the driving power of said backlight
unit if the remaining power is not adequate for playing the remaining part of said multimedia data.

11. The method as claimed in one of claims 8 to 10, further including the further step of checking periodically whether
the remaining power of said electric power source is varied with reference to the remaining time to play the remaining
part of said multimedia data.

12. The method as claimed in one of claims 8 to 11, further including the step of adjusting the luminosities of the pixels
constituting said multimedia data according to the reduced driving power of said backlight unit.
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13. The method as claimed in one of claims 8 to 12, further including the step of allowing the remaining power to be
consumed if it is adequate to play the remaining part of said multimedia data.

14. The method as claimed in one of claims 8 to 13, wherein the step of playing said multimedia data is to play the
multimedia data received from an external service provider in real time.

15. The method as claimed in claim 14, further including the step of evaluating again the remaining time to playing the
remaining part of said multimedia data and the remaining power of said electric power source when the remaining
power is checked as varied.

16. The method as claimed in claim 12, wherein the step of adjusting the luminosities of the pixels constituting said
multimedia data further comprises the steps of:�

producing the histogram representing a luminance distribution of the pixels of said multimedia data;
calculating the mean luminosity of the luminosities of the pixels of said histogram to formulate an adjustment
function;
increasing said histogram if it is less than said adjustment function;
performing a cumulative operation to said histogram to obtain a cumulative distribution function; and
adjusting the luminance of said multimedia data according to said cumulative distribution function.
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